Biodegradable polymers are in areas such as pharmaceutical, food and bioremediation processes. 
erminalia argentea Mart. et Zucc. (Combretaceae) , popularly known as "amêndoa-brava", "cerne-amarelo", "capitão-do-campo", "catinga-de-porco", "mussambé", is a medium size tree found in the Brazilian middle-west region (Garcez et al. 2003; Ribeiro et al. 2017) . T. argentea adapts very well to poor soils, and it is used in programmes to recover degraded areas and, for its exuberant beauty, in urban gardens. In the construction sector, its wood is used due to its hardness and resistance, and the ash obtained from its burning is useful in the tanning of leather and preparation of soap (Lorenzi 2008) .
The family Combretaceae is constituted of nearly 600 species, with two genera of greater occurrence: Combretum and Terminalia, each with nearly 250 species (Saleem et al. 2002) with antifungal, antimicrobial, antioxidant, antidiabetic, anti-HIV and antimalarial properties in studies with leaves and bark (Rao et al. 2003) . Ribeiro et al. (2017) reported that riverine communities living in the North Araguaia microregion of Mato Grosso, Brazil using medicinal infusions made with T. argentea leaves for treating gastric ulcers, bronchitis and haemorrhages; the macerated bark for treating ulcers and flu with fever; the bark decoction for diarrhoea, inflammation, wounds, cramps, cancer and as a tranquiliser and diuretic; the flower infusion for anxiety and finally the macerated roots for rheumatism and body pains. (Figure 1 ) are widely distributed in tropical areas worldwide and are known as a rich source of secondary metabolites, such as pentacyclic triterpenoids and their glycosylated derivatives, flavonoids, tannins and other aromatic composts (Garcez et al. 2003; Araújo & Chaves 2005 ) and the production of gummy exudate (gum) is also a characteristic of this species (BeMiller & Huber 2010; Andrade 2013) . The term gum refers to exuded polysaccharide hydrocolloids (Prapajati et al. 2013) which have a wide variety of compositions and rheological properties that can not be easily mimicked by synthetic polymers; are compounds of multiple sugar units linked to each other to create large molecules with heterogeneous composition that, after hydrolysis, produce simple sugar units such as arabinose, galactose, glucose, mannose, xylose or uronic acids (Albuquerque et al. 2016 ).
Plants of genus Terminalia
Polymers extracted from plants are polysaccharides originating from various parts of the plant such as cell walls, tree exudates, seeds, tubers and roots (Mirhosseini et al. 2008) . It can be observed in all parts of the tree and its composition (qualitative and quantitative) depends on the maturity of the trees and the environmental conditions (De Paula et al. 1998; Ribeiro et al. 2016) . These properties have several advantages such as solutions in solids with low viscosity, low cost of obtaining, low risk of side effects, biocompatibility, ecological processing, biodegradability, besides the availability in a sustainable way. Figure 1 . Gum in natura of Terminalia argentea. The gum in natura (GTa) was obtained through incisions (10 cm long and 2 cm deep) made in triplicate in each branch of 10 species of Terminalia argentea planted in the municipality of Hidrolândia (814 meters of altitude, 16° 99' 11.63" S; 49° 83' 22.10" W), in February 2016, with a monthly average temperature of 26 °C and a monthly average precipitation of 13 mm according to the Meteorological Station (2016). The botanical identification was made by Prof. Dr. Eli Regina Barboza e Souza, and the exsiccates of the species deposited in the Herbarium at the Universidade Estadual de Goiás with the number 11.385. Exudate nodules from the incisions were shredded and stored in hermetically sealed vials at 4 °C until use.
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Source: Authors.
The gum produced has colloidal proprieties, thickening, gelling agents, emulsifiers, stabilizers, binders (Marques & Xavier-Filho 1991) and biodegradable functions. Polymeric systems obtained by mixing and/or in combination with different polymers in the form of gel, particles, microcapsules, immobilized complexes and construction of nets and films have received attention of researchers in recent years mainly due to their use in the pharmaceutical, medical (Yamashita & Fernandes 2012) . In addition, it is important to note that there is a lack of knowledge about the nature of the product. occidentale L.) (Nussinovitch 1997 ) and the Cerrado-arboreal cashew gum (Anacardium othonianum Rizz) (Silva et al. 2017 ). There is a growing demand for the use of natural compounds, both in the field of supplements (pharmaceuticals and food) and in their application to industrial processes, since sustainable materials open new technologies and perspectives in the field of science, having as their morphological and (Zuin et al. 2017) . In terms of the use of carbohydrates, the size of the productive market in 2015 occurred in more than 1 million tons with a demand outlook of 5 million by 2024 (Gran View Research 2016), being used in active compounds in herbal products, nutraceuticals and food (Zuin et al. 2017) as well as other biotechnological bases. With efficient, green, selective and high value extractions and purifications, cardohydrates are a considerable challenge for the development of economically viable resources for their use and growing market (Gran View Research 2016) .
Due to the applications of these gums in several industrial areas, the chemical characterization, microbiological and toxicity tests are necessary. In this context, the aim of this study was to isolate, to chemically characterize (through tests performed by scanning electron microscopy, infrared and thermogravimetric analysis, water activity, zeta potential assessment, protein content and the presence of phenolic compounds, as well as the identification of monosaccharides), to evaluate the microbiological potential (in strains of Staphylococcus aureus (ATCC 29213) and Escherichia coli (ATCC 25312)) and the toxicity (in Artemia salina and Allium cepa) of the gum in natura of Terminalia argentea (GTa), promoting this study as the pioneer in this area, reflecting the importance of studies and applications with Cerrado species, specifically those with potential of these gum production.
MATERIALS AND METHODS
Butyl alcohol p.a., methyl alcohol p.a., monobasic sodium phosphate, potassium dichromate, phosphoric acid, hydrochloric acid, sulfuric acid and vanillin were obtained from Sigma-Aldrich (USA). . The spectrum were compared to identify the functional groups present in the samples, according to Silverstein et al. (2013) .
The thermal stability of the GTa was evaluated by thermogravimetric analysis (TGA), using the methodology of Lomonaco et al. (2012) . The samples were subjected to heating ramps of 25 o C to 500 o C at the rate of 3 o C min -1 using DTG-60H (Shimadzu, China).
The molar absorption of the GTa samples (1mg mL The surface charge density of the GTa was determined using the Zeta potential meter (ζ), using a microelectrophoresis measuring chamber (ZetaSizer Nano-ZS, Malvern Instruments Ltda., Worcestershire, UK), carried out at 25 °C in the samples diluted in milliQ water (pH = 7.0).
The pH of the GTa solution (1mg mL -1 , p/v) was determined after homogenization using the pHTek digital pH meter, according to the Agência Nacional de Vigilância Sanitária (ANVISA) (Brasil 2010). The water activity of the comminuted sample of the GTa was measured in the AquaLab (PreWater Activity Analyzer) apparatus, in which 7 g of the dry sample were weighed, transferred to the analyzer flask of the apparatus, and analyzed in direct reading using an electrolytic sensor.
The moisture content of the GTa was determined according to the method described in the Farmacopeia Brasileira (Brasil 2010), in which 1g of the sample was weighed, ground and placed in an oven at 105 °C for 24 hours, until constant weight was obtained. The moisture content was calculated by the difference between the initial and final weights of the samples, the final value being expressed as a percentage (%) according to equation (1):
being referring to the value of dry mass (g) and to the value of wet mass (g).
The presence of soluble proteins in GTa samples was investigated by the method of Bradford (1976), using bovine serum albumin and spectrophotometric reading at 595 nm as standard (Kazuaki, Japan).
The identification of simple phenolic compounds, flavonoids and anthraquinones was performed in GTa according to Radi &Terrones (2007) methodology. In 8g of GTa were added 80 mL of 70% (v/v) ethanol. The material was boiled for 5 min and filtered on filter paper moistened with 70% (v/v) ethanol. This material, identified as an extract, was used for the reactions for characterization.
Preliminary identification of the carbohydrate composition was performed by thin-layer chromatography (TLC) using 10 mg mL -1 of GTa dissolved in 6% (v/v) hydrochloric acid (HCl) and shaken for 2 h, followed by autoclaving for 1h. 30 μL of the solutions of: 10 mg mL -1 GTa dissolved in 6% HCl, 5 mg mL -1 of carbohydrate markers (glucose, sucrose, mannose and galactose) (Chung et al. 1995) were applied. The TLC was conducted according to Chung et al. (1995) using as the mobile phase a solution of n-butanol / methanol / water (4: 2: 1). After running, the plates were oven dried at 70 °C and developed with sulfuric vanillin solution. Strip development was done after incubation of the plates in oven at 90 °C for about 30 min.
The determination of neutral monosaccharides was performed by Wolfrom & Thompson (1963) . The polysaccharides were hydrolyzed with 2 M trifluoroacetic acid for 2 hours at 120 °C. After evaporation of the acid, the monosaccharides were reduced, acetylated and the alditol acetates analyzed by liquid-gas chromatography using Trace GC Ultra (Thermo Electron Corporation) equipment and were 250 °C and 300 °C, respectively. The oven temperature was programmed from 100 °C to 215 °C at a heating rate of 40 °C / min. The entrainment gas was helium in flow rate of 1.0 mL / min.
MICROBIOLOGICAL TESTING
The tests to determine the minimum inhibitory concentration were performed based on the protocol of CLSI (2010) The concentrations of GTa analyzed were 3.12; 6.25; 12.5; 25; 50 and 100 mg mL -1
, under conditions similar to that used by Araújo et al. (2015) for A. occidentale extract. For each concentration of the test compounds, 100 μL was pipetted and placed into the wells labeled for the 96-well microplates intended for testing. A line of wells was destined to the test solutions of each concentration, without inoculum for control of medium and substance. A column with 100 μL of medium and inoculum (without test substance or solvent) was destined to control the viability of the strains.
Once the plate was filled, 5 μL of each inoculum was pipetted into the labeled wells. The 96-well microplates were then capped and incubated at 36 °C for 22 hours. Subsequently, 20 μL of 0.1% resazurin solution in 0.9% sterile saline solution was added and incubated for an additional 2 hours.
The reading was performed in spectrophotometer at 570 nm and 600 nm according to manufacturer resazurin for calculating the percentage of bacterial growth inhibition. Visually, the pink color is considered as proof of bacterial growth and the blue color indicates no proliferation of microorganisms. All tests were performed in triplicates. The test for antimicrobial activity was performed using the disk diffusion method based on the CLSI (2010) protocol to determine the sensitivity to antimicrobial agents for bacteria of aerobic growth. For the test, the bacterial strains were inoculated on Mueller-Hinton agar using a sterile swab, distributing the inoculum uniformly on the surface of the agar. The previously sterilized filter paper disks (5 mm diameter) were placed in the plate and embedded with 3 μl of the concentrations (3.12, 6.25, 12.5, 25.50 and 100 mg mL -1 ) of the GTa. Discs used as a positive control were prepared at a concentration of 30 μg chloramphenicol. Subsequently, the plates were sealed and incubated at 36 °C for 24 hours. After the growth period the evaluations were performed by analyzing the inhibition zone diameter.
TOXICITY TEST
For the assays in Allium cepa L., the samples were commercially obtained in the municipality ).
Ten bulbs were distributed for each material to be tested, placed in glass containers with root area directly in contact with water and exposed for 48 hours. The bulbs were measured and transferred to containers containing the test solutions for 72 hours and then again measured and used for cytogenetic analysis (the toxic potential was measured by root length analysis (in centimeters)). The roots were fixed in Carnoy's solution (99% ethanol, 3:1 glacial acetic acid). For the hydrolysis, a 5.0 mol L -1 HCl solution was applied to the material of smear preparation; the slides were dipped in liquid nitrogen for 30 seconds and then stained with 10% (p/v) Giemsa. The mitotic index (MI) and the frequency of mitotic cycle abnormalities (MCA) were evaluated in the slide's analysis. The MI was determined using equation
where corresponds to the number of cells in mitotic division and to the total number of cells analyzed (Pereira 2015) .
The bioassay with Artemia salina was performed on a 96-well polystyrene microplate with concentrations of GTa in 3.12; 6.25; 12.5; 25; 50 and 100 mg mL water medium prepared with the dissolution of sea salt in 36% (p/v) distilled water supplemented with yeast extract (6.0 g L -1 ) and sterilized by autoclaving. The cysts were incubated for 36 hours in the medium with natural light at 26 °C and constant oxygenation. After hatching, the nauplii were transferred to a petri dish and, using a micropipette 10 larvae were distributed to each microplate well in the presence of the gummy exudate in natura at different concentrations. After 24 hours of incubation, counts of live and dead individuals were performed. Negative control (saline solution) and lethality (potassium dichromate at 12.5 μg mL -1 ) were included in the tests. To obtain the LC50 values, the PROBIT analysis was used through the STATISTICA® software. Compounds whose LC50 were less than 1000 μg were considered to be toxic; within this range of 0-1000 μg concentrations of 250-1000 μg were considered to be of low toxicity; medium toxicity from 250-80 μg and high toxicity concentrations lower than 80 μg (Dolabela 1997) .
RESULTS AND DISCUSSION
Scanning electron microscopy for the GTa (Figure 2) showed an irregular and crystalline appearance, with presence of depressions and presence of relief, similar to the morphological aspect of The infrared spectrum of the GTa (Figure 3 ) presented polysaccharide bands, such as those presented in band of 3896 cm -1 (OH stretching). The band in the 2927 and 2960 cm -1 region show C-H bond, composing the polysaccharide throughout its structure. Very strong bands which occur at 2854-3008cm -1 in the gums can be mostly attributed to absorption of CH stretch and CH2-asymmetric stretch in aliphatic groups closer to those bands (Arthur et al. 2014 ). C-O stretch vibration due to carboxylic acid was noticed at 1354 cm Figure 4 shows the thermal analysis of GTa. It is noticeable the decomposition in two stages:
the first around 265 °C and the second around 336 °C, which highlights the importance of this species in the production of this gummy exudate, due to the potential of its application in several industrial sectors due to stability in high temperatures, as for example in the production of microcapsules by the spray drying method, using these polymeric materials as a wall material. The use of the spray dryer is justified because it is the drying method for microencapsulation with less cost when compared to the other methods and, although the technique uses high temperatures, the rapid evaporation keeps the droplet temperature low, making the technique possible for sensitive products to the heat, as biological and pharmaceutical products, without affecting the final quality of the product (Alves et al. 2014) . . using DTG-60H (Shimadzu, China).
Studies with gum arabic showed the maximum degradation temperature between 270 and 320 °C (Zohuriaan & Shokrolahi 2004 ) chitosan (300 °C) and guar gum (306 °C) (Varma et al. 1997) , xanthones (298 °C) (Villetti et al. 2002) . Monthé & Rao (2000) showed for Anacardium occidentale only a decomposition stage with maximum temperature around 300 °C and Silva et al. (2017) presented for the Cerrado-arboreal cashew polysaccharide the first decomposition at 320 °C, evidencing the thermal resistance of these two Cerrado gum species.
The pH of the GTa solution in distilled water was 5.46 by enhancing commercially available gum-like chemical properties, such as gum arabic (pH = 5.0), gum karaya (pH = 4.5 to 4.7), gum ghatti (pH = 5.0) and Cerrado species such as the Cerrado-arboreal cashew gum (Anacardium othonianum, pH = 5,6) (Silva et al. 2017) . It is known that the extraction of polysaccharides in aqueous media, similar to that occurring with cereal β-D-glycans, can be influenced by factors such as pH, temperature and time (Ramesh & Tharanathan 1999) . The presence of flavonoids, chalcones, and isoflavones in the GTa is described in Table 1 . 
Reactions for characterization Flavonoids Chalcones Isoflavones
Positive --Source: Authors. *The legend (-) refers to the absence of these compounds in the sample analyzed. The identification was performed in GTa according to Radi &Terrones (2007) methodology. In 8g of GTa were added 80 mL of 70% (v/v) ethanol. The material was boiled for 5 min and filtered on filter paper moistened with 70% (v/v) ethanol.
The phenolic compounds of plants fall into several categories, such as: simple phenols, phenolic acids (derived from benzoic and cinnamic acids), coumarins, flavonoids, stilbenes, condensed and hydrolyzable tannins, lignans and lignins (Chaves et al. 2010) . Species of the genus Terminalia are known as a rich source of secondary metabolites, such as tannins (gallic acid and simple gallate esters; chebulic acid; chebulic and non-chebulic ellagitannins; ellagic acid and ellagic acid derivatives and glycosides), flavonoids (quercetin, kaempferol, rutin, luteolin, apigenin, vitexin, isovitexin, catechin, gallocatechin, epicatechin, epigallocatechin and leucocyanidin among others), phenolic acids (caffeic acid, ferulic acid, vanilic acid and coumaric acid among others), triterpenes (ursolic acid, asiatic acid, oleanolic acid, arjunic acid, arjunolic acid, β-sitosterol, stigmasterol and terminalin among others), triterpene glycosides (arjunetin, chebuloside, terminoside, sericoside, bellericoside and daucosterol) and lignans (isoguaiacin, termilignan, thannilignan and anolignan among others) (Fahmy et al. 2015) .
Since zeta potential (ζ) is a measurement technique for assessing colloidal stability (Mirhosseini et al. 2008; Porto & Cristianini 2014) , the value found for GTa was -34mV. According to Mishra et al. (2009) , in order to obtain a physically stable zeta potential, the value must be greater than 30 mV (absolute value); since the aggregation of particles may be present in values between ζ = -5 mV to ζ = + 5 mV. Porto & Cristianini (2014) found in A. occidentale gum values of ζ = 1.27mV (in absolute value) while Delfini (2016) had values of ζ = 21.2 mV (in absolute value) for gum arabic. This analysis showed this polysaccharide to be a biopolymer with amphiphilic characteristics, which contains both groups: positively and negatively charged, suggesting a material with potential to be used as an emulsifying and encapsulating agent. The strong hydrophilic characteristic and the favorable rheological property of these polysaccharides are the main reasons for their increasing application as texture modifiers, thickeners, gelling agents and emulsifiers in the food and biomedical industries (Tabarsa et al. 2017 ).
However, the functional properties of the polysaccharides are closely related to their monosaccharide compositions, molecular weight, chain-chain interaction and glycosidic bonds (Funami et al. 2011 ).
Therefore, research on the physicochemical characteristics and functional properties of polysaccharides may contribute to find potential applications in food and pharmaceutical products.
The water activity, a qualitative measure that makes it possible to evaluate the availability of free water susceptible to various reactions (Labuza 1977) , for GTa was Aw = 0.6, within the reduced microbiological contamination range (values of water activity less than or equal to Aw = 0.6), according to the scale used in food technology. This parameter becomes important in food preservation, both in the biological aspect and in physical transformations, thus evaluating its potential of deterioration (Pitalua et al. 2010 ).
The moisture content of this polymer material was 27%. This tendency of water adsorption is justified because it is a polysaccharide, a highly hygroscopic molecule (Cano-Chauca et al. 2005) , capable of adsorbing water from the environment.
The analysis showed 6.71 g L -1 of proteins GTa which, besides the defense role, can act as aggregating agents for the polysaccharide chains, since the protein fraction is co-precipitated with ethanol (Ramesh & Tharanathan 1999) . This integrity by the proteins allows the polysaccharide a greater proportion of solubility due to the acquired superficial stability (Prapajati et al. 2013) , since the structural integrity starts to present the same susceptibilities that the proteins present. aspects and applications of degradability of this biopolymer, either through compositions, blends, copolymers, obtainment, separation, general and medical applications, among others. However, it is important to remember that this action depends on factors, such as types of microorganisms, which are more susceptible to enzymatic action. However, it is important to remember that this action depends on factors such as microorganisms (temperature, humidity, pH, light, O2) and polymer properties (molar mass, crystallinity, etc.) (Franchetti & Marconato 2006 ).
The bioassay with Artemia salina showed that the GTa can be considered to be non-toxic for the microcrustacean, since at the maximum concentration tested (100 mg mL -1 ) the mortality rate was only 5% and the LC50 was estimated at 317 mg mL (Camparoto et al. 2002) . For the roots of Allium cepa L. the results are shown in Table 2 . Toxic agents should reduce the germination index of Allium cepa by more than 50% in relation to the negative control (Fiskesjo 1985) . This indicates that the ETE effluent is a toxic material with a reduction effect (p <0.05) higher than the negative control (sodium azide 0.02 g mL -1 (63.5%)).
The cytotoxic evaluation is based on the change in the mitotic index (MI) of the different treatments. Based on Table 2 , the solutions containing GTa did not promote cytotoxic alterations when compared to the negative control (water) (mitotic index less than 22%).
In the literature, it is considered that cytotoxic interference occurs when the substance is able to inhibit 22% of the mitotic index in relation to the negative control and in a greater amount of inhibition, above 50% (Molina-Salinas & Said-Fernández 2006). We noticed normal mitosis when both negative control and GTa were incubated within the roots of Allium cepa. The genotoxicity test aims to identify if the analyzed substance affects cellular vital processes, such as duplication and gene transcription (Luz et al. 2012) , being evidenced in Figure 5 . Sudhakar et al. (2001) using the A. cepa test to evaluate the genotoxic potential of effluents from the silk dye industry reported the inhibition of MI and the induction of several mitotic abnormalities in the roots exposed to these effluents, thus confirming its mutagenic potential. 
CONCLUSION
The results show the in natura gummy exudate of "Capitão do Campo" (Terminalia argentea) a promising material as an alternative source for new exuded plant gums. The extraction of the material shows itself in a sustainable way, since there is no death of the plant for the extraction of the material; the solubility in water is high due to the polysaccharide composition (in particular the presence of monosaccharides galactose and mannose); the aggregate protein content is low; this polysaccharide to be a biopolymer with amphiphilic characteristics, suggesting a material with potential to be used as an emulsifying and encapsulating agentt; the absence of toxicity to biomarkers such as Artemia salina and
Allium cepa allows a decrease in the negative impacts of chemical analyzes on the environment and analytical laboratories.
Thus, new materials produced from the gum of this species (associated with other materials or isolates) may attract the interest of the industries involved in the production and commercialization of this product and, thus, increase economic income in other emerging fields, such as silk and pharmaceutical technology through controlled release drug systems.
